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0 Method and apparatus for manufacturing a product in membrane or film for covering sanitary 
towels or nappies or for filtering systems, and such like. 



0 A method is described for forming a web (N) 
that is permeable to liquids and designed to sepa- 
rate two environments and to allow the liquid to flow 
in one direction from one of said environments to the 
other, in which said web is caused to pass between 
two contra-rotating cylinders (5. 7) that are pressed 
against each other, one of said cylinders (7) having a 
surface provided with projections which cause per- 
forations in said web (N). The cylinder (7) with the 
projections is turned at a peripheral speed greater 
than the peripheral speed of the other cylinder (5). 
with a consequent relative slipping action between 
the surfaces of the two cylinders (5. 7). 
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The invention relates to a method for forming a 
composite membrane, film or web of a material 
designed to form, for example, the outer layer of a 
sanitary towel, nappy or other product, for example 
a filtering device. In particular, the invention relates 
to a method in which the composite membrane or 
film or web is perforated to produce holes for the 
liquid which is to penetrate from the outside of the 
absorbent into the body of material contained in 
said absorbent. 

More generally, the invention relates to a meth- 
od for manufacturing a membrane or film of perfo- 
rated material designed to separate two environ- 
ments between which a liquid must be caused to 
flow in one direction, but not in the opposite direc- 
tion. In the course of the following description, 
reference will be made especially to nappies or 
sanitary towels. However, it should be emphasised 
that the product produced by the method of the 
present invention may be used wherever there is a 
need for a membrane to fc>e permeable to a liquid 
which must pass through the membrane or film in 
one direction only, as for example in a filtering 
device. 

Patent US-A-4.780.352 discloses a product 
consisting of a nonwoven membrane with a plural- 
ity of holes distributed across the whole membrane 
to enable the liquid to pass through It. According to 
this patent, the material is perforated by passing it 
between two contra-rotating rollers whose periph- 
eral speeds are equal to each other and to the 
speed of advance of the material itself. One of the 
two rollers comprises projections which perforate 
the material in cooperation with the other roller. 

The object of the present invention Is to pro- 
vide a method and an apparatus for forming a 
membrane and/or web and/or film making it possi- 
ble to achieve a particular configuration of the 
holes In such a way as to direct the flow of liquid, 
so that it can penetrate, for example from the 
outside to the Inside of the absorbent, but cannot 
then leak out of the latter. 

A further object of the present invention is to 
provide a method for making a membrane and/or 
film that will efficiently Isolate the material inside 
the absorbent away from the user's skin. 

A further object of the present invention Is to 
provide a method and apparatus for manufacturing 
a product in membrane or film or composite form, 
able to form a barrier to delimit and separate two 
environments, between which a liquid must flow in 
one direction, but not in the opposite direction. 

In essence, according to the method of the 
invention, the membrane and/or film is passed be- 
tween a first rotating cylinder whose surface Is 
essentially smooth and a second rotating cylinder 
whose surface is studded, that is It has a series of 
protuberances, and is pressed against the first cyl- 



inder, the peripheral speed of the smooth cylinder 
and the speed of advance of the membrane and/or 
film material being less than the peripheral speed 
of the studded cylinder. 
5 This produces a slipping action whose effect 

on the material Is to create holes by plastic de- 
formation of the film material with a consequent but 
only partial detachment of the material In the holes 
and creation of strands of partially detached ma- 
ze terial lying in the direction In which the membrane 
material is fed through the two cylinders. The func- 
tion of these strands is to allow the liquid to pass 
from one side of the membrane and/or film material 
to the other (more particularly, from the side on 
/5 which the studded cylinder has acted towards the 
side that has passed in contact with the smooth 
cylinder) preventing the liquid from flowing back in 
the opposite direction. 

The method according to the invention may 
20 advantageously be used with web materials of low 
basis weight, for example between 8 and 80 gsm. 
The membrane or film processed by the method of 
the present invention may be formed by a single 
membrane of nonwoven, for example of carded 
25 fibres, or of woven textile fibres (with suitable hy- 
drophobic properties) or a plastic film. The method 
may also be employed on composite materials, 
consisting for example of two or more membranes 
of carded fibres or composites consisting of fibre 
30 membranes stuck to plastic film. Typically, it is 
possible to use a plastic film to each side of which 
a membrane of carded fibres has been applied. 
Firm sandwiching together of the layers forming 
the material can be achieved by the same rolling 
35 and slipping action used to create the special per- 
forations described above. 

Since the holes (and hence the strands) are 
very close together, the method of the present 
invention produces a membrane whose overall 
40 thickness may be much greater than the thickness 
of the initial material. For example, starting with a 
thickness of the membrane or film of 30 micro- 
metres, it is possible to reach an overall thickness 
of 300 micrometres. This makes it possible, with a 
45 very small amount of material, to produce a mem- 
brane that is very thick and hence has very good 
isolating properties. This advantage Is especially 
evident if a single, that is non-composite, film or 
membrane is used. 
50 In an especially advantageous embodiment, 
and in particular for the efficient processing of 
plastic film material, such as polyethylene and Its 
derivatives or other suitable plastic materials, either 
one or both of the cylinders may be heated to a 
55 suitable temperature. The heat Increases the vis- 
cosity of the plastic material and hence facilitates 
its perforation and the deformation of the strands of 
material partially detached from the base material. 
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Advantageously, the two cylinders can be heated 
to temperatures that can be adjusted Independently 
of each other. The surface temperature of the cyl- 
inder bearing the projections is preferably higher 
than the temperature of the other cylinder. 

The pressure between the two cylinders, and 
hence the pressure with which the film and/or 
membrane material Is rolled, may advantageously 
be variable to suit the base material being used. 
Also the difference in speed, and hence the slip- 
ping between the surfaces of the rotating cylinders 
may vary between preset limits to suit the material 
being used. More particularly, the slipping may 
vary advantageously between 10 and 50% and 
preferably between 15 and 25%. The temperature 
of the surfaces of the cylinders may advantageous- 
ly be set at between 70 and 240 * C and in particu- 
lar between 100 and 180'C. The linear pressure 
between the rollers may vary between, for exam- 
ple, 120 and 220 kg/cm and preferably between 
130 and 150 kg/cm . 

To produce semifinished Items for use in par- 
ticular products, for example nappies for babies or 
incontinent persons, sanitary towels for women, 
and so forth, according to the method of the Inven- 
tion the material in film and/or membrane form may 
be perforated along continuous longitudinal strips 
or else along areas not extending the full length of 
the web. As a result, in the application of the 
membrane to the finished product. It is possible to 
have areas in which the liquid is able to flow 
(through the holes) from one side to the other, for 
example towards the inside of the absorbent, and 
completely impervious areas across which the liq- 
uid cannot flow back. The perforated area will of 
course be positioned on the absorbent over the 
area where the flow of liquid to be absorbed ar- 
rives. 

The apparatus according to the invention com- 
prises a pair of rotating cylinders pressing against 
each other, between which the membrane or web 
to be processed is passed; a first cylinder being 
smooth and a second cylinder having projections to 
produce the perforations. Characteristically the pe- 
ripheral speed of the cylinder having the projec- 
tions is greater than the peripheral speed of the 
smooth cylinder, so that the film and/or membrane 
material, which is rolled between the two cylinders, 
is subjected to a slipping action and to a con- 
sequent plastic deformation. 

Advantageously, either one or both of the cyl- 
inders may have heating means to maintain the 
outer surface at a suitable temperature to facilitate 
the processing by plastic deformation of the web 
material. The heating means of the two cylinders 
are advantageously Independently adjustable. 

The cylinder with the projections may comprise 
a series of Identical projections over the whole 



cylindrical surface, or in localised areas, for exam- 
ple and in particular over annular areas, to produce 
a material that is perforated along defined longitudi- 
nal strips and with non-perforated areas between 
5 one strip and the adjacent strip. To produce a web 
with perforations over areas bounded by non-perfo- 
rated areas it is also possible, and preferable, to 
employ a cylinder with projections of differing 
heights and optionally of differing shapes, in par- 
70 ticular such that the projections are higher in areas 
to be perforated and lower in areas not to be 
perforated. In areas with less prominent projections 
the web is sufficiently well rolled to ensure cohe- 
sion between the various optional layers forming 
75 the membrane, but is not perforated. 

Further characteristics of the apparatus and of 
the method according to the invention are shown in 
the accompanying claims. 

A clearer understanding of the invention will be 
20 obtained from the description and attached draw- 
ing, which latter shows a practical, non-restricting 
embodiment of the said invention. In the drawing: 
Fig. 1 shows a highly diagrammatic illustration 
of a possible embodiment of an apparatus ac- 
25 cording to the Invention; 

Figs 2 and 3 show a front view and a cross 
section taken through Ill-Ill respectively of a 
portion of the studded cylinder in one possible 
embodiment; 

30 Figs 4 and 5 show, in the same way as Figs. 2 
and 3. a different configuration of the surface of 
the studded cylinder; 

Rgs 6, 6A and 7 show a portion of product in a 
plan view, In two cross sections taken along the 
35 direction of advance of the material through the 
apparatus and transversely to the direction of 
advance, respectively; 

Fig. 8 shows a diagrammatic cross section of an 
absorbent; 

40 Fig. 9 shows a portion of film or membrane 
perforated In strips; and 

Fig. 10 shows a diagrammatic cross section of a 
portion of a cylinder provided with projections 
and suitable for producing a membrane or film 
45 with perforated areas bounded by non-perfo- 
rated areas. 

Referring initially to Fig. 1. the apparatus (in 
this embodiment) has means 1 for supporting a 
first roll R of web, which may be a plastic film. The 

50 web N is wound off the roll R1 and rewound onto a 
roll R2 carried by support means 3. The support 
means 3 have a motor (not shown) which turns the 
roll R2 In order to draw the web N and wind it up. 
Between the two supports 1 and 3 is a pair of 

55 cylinders indicated by 5 and 7 respectively. In the 
embodiment illustrated, the cylinder 5 is positioned 
underneath the web N and turns in a clockwise 
direction. The cylinder 5 has an outer surface de- 
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fined by a layer 5A of etasticaily yielding material, 
for example rubber. This material may be the same 
as is typically used in equipment for the emboss- 
ing of paper material in the production of toilet 
paper and similar products. The possibility of using 
a cylinder 5 having a steel outer surface is not 
excluded. 

Interacting with the cylinder 5 is the cylinder 7 
which turns in an anticlockwise direction. The two 
cylinders 5 and 7 are pressed against each other 
with a pressure that advantageously is adjustable. 
The cylinder 7 is studded, that Is it has a worked 
surface with geometrically distributed projections. 
Possible shapes for the projections of the cylinder 
7 will be described in greater detail when referring 
to the subsequent Figs 2 to 5 and 9. 

The cylinder 7 turns with a peripheral speed 
greater by an adjustable percentage than the pe- 
ripheral speed with which the underlying roller 5 
turns. This creates a relative slipping action be- 
tween the surfaces of the two cylinders and hence 
a rolling and slipping action within the web N which 
is being passed between the two cylinders 5 and 7, 
with consequent effects on the material which will 
be illustrated later with reference to Figs 6 and 7. 

The cylinder 7 may advantageously be main- 
tained at a high temperature, for example by the 
admission of steam or heat-conducting oil at high 
temperature through a pipe 9 which communicates 
with the interior of the cylinder 7 through a suitable 
rotating joint. Likewise the cylinder 5 may advanta- 
geously be heated by a similar system. As an 
alternative to heating by means of a heat-carrying 
fluid, the heating may be by means of electrical 
resistors or any other system suitable for the pur- 
pose. 

Figs 2 and 3 show a possible design for the 
projections of the cylinder 7. In this embodiment, 
the cylinder has a grid of frustopyramidal prot- 
uberances on a square base, indicated by PI in 
Fig. 3. Figs 4 and 5 show a different possible form 
for the projections of the cylinder 7, this form being 
characterised by protuberances P2 of generally 
frustoconical shape with a terminal portion 13 of 
approximately cylindrical form and a front surface 
15 which interacts with the smooth surface of the 
cylinder 5. 

Different forms of the studding of the cylinder 7 
are also possible. These may be chosen to suit the 
aesthetic and technical requirements of the end 
product, and the cost of making the cylinder 7. 

As the web N is passed between the cylinders 
5 and 7, it undergoes a plastic deformation which 
results in the perforation of the material as the 
protuberances PI or P2 of the cylinder 7 break 
through it. The material which is detached from the 
base material forming the web N is not completely 
removed but remains connected to the base ma- 



terial by at least a portion of the perimeter of the 
hole and lies in the direction of advance of the web 
N, that is in the direction of the arrow f shown in 
Fig. 1. The direction in which the partially detached 
5 material in each hole lies is determined by the 
relative slipping action between the two rotating 
surfaces of the cylinders 5 and 7. The Figs 6, 6A 
and 7 show a plan view and two cross sections 
taken through VIA-VIA and VII-VII respectively of 

70 the web N downstream of the pair of cylinders 5 
and 7. Figs 6A and 7 clearly show the hole F and a 
strand of partially detached material indicated by A 
lying in the direction of advance of the material. 
The strand A connected to each hole of the 

15 web N acts as a kind of nonreturn valve allowing 
the liquid to flow easily from the upper surface to 
the under surface of the web (with respect to the 
orientation shown in Figs 6 and 7), while it ob- 
structs backflow in the opposite direction. When 

20 the web is used to form for example the outermost 
layer of a sanitary towel, as illustrated diagrammati- 
cally in Fig. 8, It is so placed that the strands are 
turned towards the interior of the towel, that is 
towards the body of absorbent material MA. In this 

25 way the liquid to be absorbed can easily flow from 
the outside to the inside of the towel whereas 
backflow in the opposite direction is practically 
prevented by the presence of the strands A. 

The use of a plastic film for the web N offers 

30 the major advantage that the base material is prac- 
tically impervious in areas without holes. As com- 
pared with a web formed by a membrane of carded 
fibres and/or any textile membranes, this reduces 
the risk of backflow of the liquid from the inside of 

35 the absorbent to tide outside through the unbroken 
area of material N, that is the area without holes. 

The use of a plastic film has the further advan- 
tage of eliminating the carding machine and/or oth- 
er textile apparatuses from the production line on 

40 which the membrane is manufactured. 

The method described can also be applied to 
composite webs, as mentioned earlier. 

In certain particular applications, as for exam- 
ple in the manufacture of nappies for babies, it is 

45 expedient to have an outer layer that is permeable 
in a central area only, that is only where the urine 
is to flow. In the surrounding areas, however, it is 
expedient to prevent the passage of liquid in order 
to isolate the interior of the nappy from the exterior. 

50 thus avoiding any contact with the absorbed liquid. 
To this end. in an improved embodiment of the 
invention, the cylinder 7 may have ares - especially 
of complete or partial annular form - that are stud- 
ded and annular areas that are smooth. In this case 

55 the web N that emerges from the pair of cylinders 
has perforated areas and nonperforated areas as 
illustrated diagrammatically in Fig. 9. In this figure 
N indicates a piece of web, that has perforated 
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areas A1 and unbroken areas A2. In making the 
nappy, the web N is cut and wrapped around the 
body of internal absorbent material in such a way 
that a perforated strip or area Al lies approximately 
along the centre line of that surface of the nappy 5 
which is intended to be placed against the user. 

Instead of a cylinder having smooth areas and 
areas with projections, it is also possible to employ 
a cylinder having projections of differing heights, as 
diagrammatically indicated in Fig. 10, which shows io 
a portion of the surface of the cylinder in a section 
taken through a plane passing through the axis. 
Fig. 10 shows an area 21 with protuberances 23 of 
height H. and an area 25,- with protuberances 27 of 
height h, lower than H. The heights H and h are so 75 
determined that when the web N is rolled between 
the smooth cylinder 5 and the cylinder 7, perfora- 
tions of the web are created in positions corre- 
sponding to the projections 23. while it is merely 
rolled in the area 25, with a resulting mutual sand- 20 
wiching of the membranes of which it Is composed, 
but is not perforated. The rolling between the sur- 
face of the cylinder 5 and the projections 27 does 
not over stiffen the material. The form shown in 
Fig. 10 can be made by, for example, uniform 25 
working of the surface of the cylinder 7 and then 
sandblasting those areas, such as 23, where the 
height of the projections 27 is to be reduced. 
Sandblasting results in projections 27 with a slight- 
ly rounded front surface, which gives an excellent so 
action in use. 

In a currently preferred embodiment, a poly- 
propylene film has been used as the web. The 
linear pressure between the cylinders 5 and 7 has 
been set at 140 kg/cm and the percentage of slip 35 
at 18%. In other words, with a speed of advance of 
40 m/min, the lower cylinder 5 turns at a peripheral 
speed equal to the speed of advance of the web N 
and the upper cylinder at a speed equal to 48 
m/min. In this way excellent results have been 40 
obtained with the surface temperature of the cyl- 
inder 7 being maintained at approximately 120*C 
and the temperature of the cylinder 5 at approxi- 
mately 110'C. 

45 

Claims 

1. Method for forming a web that Is permeable to 
liquids and designed to separate two environ- 
ments and to allow the liquid to flow in one so 
direction from one of said environments to the 
other, in which said web is caused to pass 
between two contra-rotating cylinders that are 
pressed against each other, one of said cyl- 
inders having a surface provided with projec- 55 
tions which cause perforations in said web, the 
method being characterised in that the cylinder 
with the projections is turned at a peripheral 



speed greater than the peripheral speed of the 

. other cylinder, with a consequent relative slip- 
ping action between the surfaces of the two 
cylinders. 

2. Method according to Claim 1 , characterised in 
that at least one of the two cylinders is heated. 

3. Method according to Claim 1, characterised in 
that both the cylinders are heated, the surface 
temperatures of the two cylinders being adjust- 
able independently of each other. 

4. Method according to one or more of the pre- 
ceding claims, characterised in that the slip- 
ping between the two cylinders caused by the 
difference in peripheral speeds is between 10 
and 50% of the peripheral speed of the slower 
cylinder. 

5. Method according to Claim 4, characterised in 
that the slipping is between 15 and 25%. 

6. Method according to Claim 2, 3, 4 or 5, 
characterised in that the cylinder with the pro- 
jections has a surface temperature of between 
70 and 240 -C. 

7. Method according to Claim 2. 3, 4, 5 or 6, 
characterised in that the smooth cylinder has a 
surface temperature of between 70 and 
240 'C. 

8. Method according to one or more of the pre- 
ceding claims, characterised in that the two 
cylinders are pressed against each other with a 
pressure of between 120 and 220 kg/cm^. 

9. Method according to one or more of the pre- 
ceding claims, characterised in that the web is 
a membrane of woven textile fibres or a non- 
woven membrane or a membrane of carded 
fibres. 

10. Method according to one or more of Claims 1 
to 8, characterised in that the web is a plastic 
film. 

11. Method according to one or more of Claims 1 
to 8, characterised in that the web is a mem- 
brane composed of a number of layers, each 
layer consisting of textile fibres or of a plastic 
film. 

12. Method according to one or more of the pre- 
ceding claims, characterised in that the web is 
perforated in limited areas. 
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13. Apparatus for manufacturing a perforated web 
designed to separate two environments and to 
allow a liquid to flow in one direction from a 
first environment to the other, comprising 
means for feeding the web, and a pair of 5 
contra-rotating cylinders pressed against each 
other, between which the web is passed, a first 
cylinder being smooth and a second cylinder 
having projections, the apparatus being 
characterised in that the cylinder having the io 
projections turns at a greater peripheral speed 
than the peripheral speed of the smooth cyl- 
inder. 



14. Apparatus according to Claim 13, characteris- is 
ed in that at least one of the two cylinders has 
heating means for heating its surface. 

15. Apparatus according to Claim 14, characteris- 
ed in that both the cylinders are equipped with 20 
heating means, and in that said heating means 
permit independent adjustment of the surface 
temperatures of the two cylinders. 

16. Apparatus according to one or more of Claims 25 
13 to 15. characterised in that the difference 
between the peripheral speeds of the cylinder 

with the projections and the smooth cylinder is 
adjustable. 

30 

17. Apparatus according to one or more of Claims 
13 to 16. characterised in that the pressure 
between the two cylinders is adjustable. 

18. Apparatus according to one or more of Claims 35 
13 to 17, characterised in that the cylinder with 

the projections has an outer surface which has 
areas with projections and areas that are 
smooth. 

40 

19. Apparatus according to one or more of Claims 
13 to 17, characterised in that the cylinder with 
the projections has areas with higher projec- 
tions and areas with lower projections. 

45 

20. Apparatus according to one or more of Claims 
13 to 19. characterised in that the smooth 
cylinder has an elastically yielding cylindrical 
surface consisting of a covering made of a 
rubber material or a textile fibre. 50 

21. Apparatus according to one or more of Claims 
13 to 19, characterised in that the outer sur- 
face of the smooth cylinder is made of metal. 
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